Objectives: Assessment of functional ability in people with early-stage dementia (PwD) is an important area of study because it forms part of the diagnostic process and may help in monitoring disease progression. Most researchers and clinicians rely on informant ratings rather than observing actual functional performance or employing self-ratings. There has however been little research to verify whether informant ratings of functioning are accurate, and there has been even less research investigating the accuracy of self-ratings of functional ability in PwD. No study has used the performancemonitoring metacognitive approach to investigate awareness of functional ability. Methods: Thirty-seven people with early-stage dementia completed an objective functional assessment and provided self-ratings before and after completing each section of the objective test. Informants provided ratings of functioning and burden. Scores were converted to percentages to allow for direct comparison. Results: Objectively assessed functional ability significantly correlated with self-ratings and informant ratings. Self-ratings did not correlate with informant ratings. For converted scores, self-ratings were more similar than informant ratings to the objectively assessed mean scores. Burden was unrelated to functional assessments after correcting for multiple comparisons. Conclusions: Self-rated functional ability was more accurate than informant ratings when compared with objectively assessed ability, with informants tending to significantly underestimate the functional ability of PwD. The findings call into question the likelihood that informants will provide accurate ratings of functional ability and suggests that self-ratings may offer a more accurate estimate of functional ability. Self-ratings made by PwD should be more widely employed in clinical and research settings.
Introduction
Dementia is characterised by multiple cognitive and behavioural impairments, including a decline in the ability to carry out instrumental activities of daily living (American Psychiatric Association, 2013; World Health Organization, 1992) . Assessing functional ability in people with early-stage dementia (PwD) frequently involves the use of informant ratings or objective performance-based measures, with self-ratings and clinician ratings less frequently employed (Martyr and Clare, 2012; Sikkes et al., 2009) . Informant ratings of functioning are generally assumed to be accurate (Smyth et al., 2002) , although informant ratings may be biased by increased age and impaired cognitive status of the person with dementia (Martyr and Clare, 2012) , poorer perceived relationship quality (Quinn et al., 2009) or higher carer stress/burden (Razani et al., 2007; Martyr et al., 2014; Slachevsky et al., 2013) . Therefore, informant ratings may not give accurate representations of functional ability, and it may not be appropriate to rely on these in clinical and research settings (Martyr et al., 2014) . Objective measures of functioning are assumed to be more reliable than selfratings or informant ratings, as they assess performance rather than relying on the accuracy of individual perceptions (Goldstein et al., 1992; Zanetti et al., 1995) . However, when a questionnaire can provide a quick estimate of functional ability (Sikkes and Rotrou, 2014) , lengthy objective measures are often impractical in clinical settings (Moore et al., 2007) .
Self-ratings typically provide a more positive view of functional ability than informant ratings (DeBettignies et al., 1990; Kiyak et al., 1994; Ott et al., 1996; Wadley et al., 2003; Clare et al., 2012b; Martyr and Clare, 2012) . This is generally viewed as a lack of awareness of functional difficulties in PwD (DeBettignies et al., 1990; Ott et al., 1996; Wadley et al., 2003) . Two longitudinal studies suggest that self-rated functioning shows evidence of a perceived decline (Clare et al., 2012b; Kiyak et al., 1994) , indicating that PwD may be able to rate their functional ability with reasonable accuracy and that self-ratings may be a useful means of gauging current function (Martyr et al., 2014) . We are aware of only two studies that have investigated the relationship between self-ratings and objectively assessed functional ability. Each study developed an objective assessment of functional ability that was purported to match items in standardised questionnaires (Bertrand and Willis, 1999; Karagiozis et al., 1998) . However, both studies were limited by this approach; for Bertrand and Willis (1999) , there was little overlap between the objective assessment and the questionnaire, which may explain the modest correlation between self-reported functioning and objective performance, and Karagiozis et al. (1998) employed the Functional Activity Questionnaire (Pfeffer et al., 1982) , which incorporates multiple activities into individual questions, thus making direct comparison problematic (Martyr et al., 2014) .
The present study aims to address these limitations by utilising the performance-monitoring metacognitive approach; this employs questions that directly match a standardised, objectively assessed test of functional ability in order to facilitate direct comparison between perceived ratings and objective performance (Clare et al., 2011) . A similar methodology has been employed with informant-rated functional ability (Loewenstein et al., 2001 ), but to our knowledge, the performance-monitoring metacognitive approach has not previously been applied to assess awareness of self-rated functional ability in people with early-stage dementia, although it has been employed to assess memory awareness (Clare et al., 2013; Clare et al., 2002; Clare et al., 2010) . We will also investigate perceived carer burden and cognitive status of the person with dementia because, as indicated above, these factors have been found to influence informant ratings. To summarise, the current study will (i) explore the intercorrelations between self-rated predictions, self-rated post-dictions, informant ratings of functional ability and objective assessment of functional ability; (ii) compare the accuracy of informant-rated functional ability and the accuracy of self-ratings of performance made before and after an objective task was administered with scores on the corresponding objective assessment of functional ability; and (iii) investigate how carer burden and cognitive status influence informant ratings of perceived everyday functioning.
Method

Design
The assessment presented here was part of a wider cross-sectional observational study investigating awareness in people with early-stage dementia and included some measures not reported here. Ethical approval was granted by the Bangor University and National Health Service Ethics Committees.
Participants
Participants were recruited through eight National Health Service memory clinics in North Wales, UK. For the participants to be included, they had to have a diagnosis of probable or possible Alzheimer's disease, multi-infarct or subcortical vascular dementia, or mixed Alzheimer's disease and vascular dementia (ICD-10; World Health Organization, 1992); a score of 18 or above on the Mini-Mental State Examination (Folstein et al., 1975) ; the ability to communicate verbally in English; and a contributing informant (informants were typically spouses or adult children, although friends also provided ratings in some cases). Exclusion criteria were concurrent major depression, psychosis or neurological disorder, and history of neurological disorder or brain injury. (Loewenstein et al., 1989; McDougall et al., 2006; Loewenstein and Balmaseda-White, 2006 ). In the current study, we used a modified version of the DAFS that constituted six subscales: time orientation, communication abilities, financial skills, shopping, driving and managing medication. For a detailed description of the subscales, see Supporting Information. The DAFS had a maximum possible score of 100, with a higher score indicating better functional ability.
Subjective ratings. Two self-rated questionnaires, one for completion before each DAFS subtest (prediction) and one for completion after each DAFS subtest (post-diction), and one informant-rated questionnaire were devised for the purposes of the study. Individual questions directly addressed the ability or function assessed by the parallel DAFS subtest. Each questionnaire contained 16 questions and used a five-point Likert scale (0 = very poor, 1 = poor, 2 = alright, 3 = good and 4 = very good) that matched the wording employed in our performance-monitoring memory research (Clare et al., 2010; Clare et al., 2013; Clare et al., 2002) . The self-rated prediction questionnaire formed part of the standardised instructions for the objective assessment, and each question was completed immediately prior to administration of the corresponding DAFS subtest; for example, 'I'm going to ask you to write a cheque to yourself for £400.00. Using these words, how do you think you will do on this test?' Each question on the self-rated post-diction questionnaire was completed immediately after administration of the corresponding DAFS subtest; for example, 'You were asked to write a cheque to yourself for £400.00. Using these words, how do you think you did on this test?' The informant-rated questionnaire asked the informant to consider how well the PwD would be likely to perform if asked to carry out the activities stipulated in the corresponding DAFS subtests; for example, 'Your relative/friend has to write a cheque to him/herself for £400.00. Circle the number which you think best describes how s/he would do'. All three questionnaires had a maximum possible score of 64, with a higher score indicating less perceived functional impairment. The internal consistency of the three ratings was good to excellent (prediction α = 0.87; post-diction α = 0.85; informant-rated α = 0.93).
To permit direct comparison between the questionnaires and the DAFS, we converted each score to a percentage score. For the questionnaires, each item was converted to a score out of 100; thus, a rating of 'good' equated to a score of 75. The computed total score for each questionnaire equated to this formula: (questionnaire score/64) * 100. As the DAFS contains variable scoring systems within the assessment (i.e. the score for driving is between 0 and 13, while scores for other subtests ranged between 0 to 4 and 0 to 8; see Supporting Information), the DAFS subtest scores also required conversion, as otherwise the driving assessment would have been given undue weight in the total score. Therefore, each subtest total score was converted to a score of 100, that is, for a subtest that scored between 0 and 4, a score of 2 would be converted to 50, while for the driving ability subtest, a score of 2 would be converted to 15.39. The computed total score for the DAFS equated to this formula: (DAFS converted score/1600) * 100.
To measure PwD cognition and carer burden, we employed two widely used tests, the Addenbrooke's Cognitive Examination-Revised (Mioshi et al., 2006) and the 22-item Zarit Burden Interview (ZBI; Zarit et al., 1985) .
Procedure
All participants were visited at home by the first author, and all the assessments for the participants with dementia reported here were completed during a single visit. All participants had an informant who provided ratings of the participant's functional ability as well as completing a questionnaire that measured their self-reported burden (ZBI); informants typically completed the ratings and questionnaires independently while the person with dementia was interviewed.
Statistical analysis
To examine the first research question, we calculated Pearson correlations to investigate the intercorrelations between raw scores for self-rated predictions, self-rated post-dictions, informant ratings and DAFS scores. For the second research question, scores on the three questionnaires were converted to percentages to generate scales equivalent to the DAFS scores, and paired-sample t-tests were used to evaluate the accuracy of the converted functional ratings in relation to objectively assessed functional ability. Percentage agreement and 95% Clopper-Pearson confidence intervals were calculated; each converted functional rating was judged as accurate if the score was within 25 points of the DAFS converted score; this equates to a difference of one rating on the Likert scales used in the questionnaires. For the third research question, Spearman's rho correlations were used to investigate the relationship between unconverted informant-rated functioning, carer burden and the cognitive status of the PwD. Holm-Bonferroni correction for multiple comparisons was applied to all analyses.
Results
Thirty-seven PwD took part in the study; see Table 1 for participant characteristics. Mean Mini-Mental State Examination scores indicate that the participants were in the early stages of the disease. One informant did not complete the ZBI as he was a friend of the participant and did not feel the questions were applicable. The mean score for the 36 people who completed the ZBI suggests that caregivers in the study generally had mild levels of burden. All participants were of white European extraction, which reflects the demographic characteristics of the study area.
A t-test indicated that there was no difference in informant ratings of functioning for those who did (mean = 30.54, SD = 12.90) and those who did not (mean = 30.91, SD = 14.31) live with the PwD, t(35) = 0.08, p = 0.939. Neither the age of the PwD nor the number of years of education correlated with any measure of functioning; see Table 2 . There were no sex differences for any measure.
The relationship between self-ratings, informant ratings and objectively assessed functional ability Self-rated predictions, self-rated post-dictions and informant-rated functioning significantly correlated with the DAFS total score; see Table 2 . There was little correspondence between self-ratings and informant ratings. For PwD, prediction ratings were highly correlated with post-diction ratings. The associations between ratings and objective performance scores suggest that perceived functional ratings were similar to objective performance scores.
Accuracy of ratings of functioning compared with that of objectively assessed performance
To investigate the accuracy of ratings of perceived functioning, we used paired-sample t-tests to compare the DAFS percentage score with the percentage scores for the three questionnaires; see Table 1 for mean percentage scores. There was no significant difference between the DAFS score and either the self-rated prediction score, t(36) = 0.28, p = 0.784, or the selfrated post-diction score, t(36) = 0.34, p = 0.733, suggesting that PwD were generally accurate when rating their own functional ability. There was no difference between the self-rated prediction score and the selfrated post-diction score, t(36) = 0.00, p = 0.999. The DAFS score was significantly higher from the informant ratings, t(36) = 6.71, p < 0.001, indicating that informants tended to underestimate functional ability. Finally, the informant-rated score was significantly lower than the self-rated prediction score, t(36) = 4.65, p < 0.001, and the self-rated post-diction score, t(36) = 4.95, p < 0.001. Individual DAFS item-analysis in Table 3 indicates that early-stage PwD were able to use telephones, post letters, identify currency and use shopping lists whereas tests reliant on memory showed more impairment particularly remembering and recognising shopping. Percentage agreement of individual DAFS subtests indicates that at least 70% of PwD were accurate for 11 of the 16 subtests for prediction ratings and 15 of the 16 subtests for postdiction ratings, suggesting that self-rated accuracy improved after undertaking the test. For informants, at least 70% were accurate for 8 of the 16 subtests. Both PwD and informants were able to accurately rate telling time, orientation to date, balancing a chequebook, and identifying and counting currency. People with dementia were less accurate on the remembering shopping subtest while fewer than 50% of informants were accurate for the using telephones, posting letters, writing a cheque, using shopping lists and identifying and managing medication subtests.
The relationship between carer burden, cognitive status and functioning
The correlation between informant ratings and objective performance in Table 2 suggests that informant ratings were associated with levels of perceived carer burden as indicated by the small to moderate correlation, though this was not statistically significant after correction for multiple comparisons. Additional analysis suggests that levels of perceived carer burden may be more related with spousal ratings (r s (19) = À0.464, p = 0.034) than ratings provided by adult children (r s (12) = À0.142, p = 0.629). The correlations between the DAFS and the cognitive screening measure in Table 2 suggest that informants may have been basing their ratings of functional ability on the cognitive performance of PwD.
Discussion
This is the first study to employ the performancemonitoring metacognitive approach (Clare et al., 2011) to the assessment of self-rated functional ability in PwD. We investigated the accuracy of self-rated and informant-rated functioning compared with objectively assessed performance in PwD. Informant ratings tended to be more discrepant from the objective test, whereas ratings made by PwD tended to be more accurate, suggesting that PwD were generally aware of their functional difficulties. This is consistent with two previous studies where PwD showed awareness of their functional decline (Kiyak et al., 1994; Clare et al., 2012a) . The finding is, however, inconsistent with the generally held view that self-ratings made by PwD are inaccurate (Snow et al., 2005) and calls into question the assumption that because self-ratings are often discrepant from informant ratings, PwD therefore lack awareness of functioning (DeBettignies et al., 1990; Ott et al., 1996) . Indeed, informants were found to be more discrepant than PwD, suggesting that relying on informant ratings alone in clinical and research settings may be problematic (Martyr et al., 2014) . Informants were found to significantly underestimate the level of functional ability shown by PwD (Karagiozis et al., 1998; Zanetti et al., 1999) , suggesting that the confidence shown by researchers and clinicians in the accuracy of informant ratings of functioning may be misplaced. The general tendency for underestimation by informants may partly be due to carer burden, particularly for spousal informants. There is increasing evidence that burden is associated with informant ratings of functional ability (Razani et al., 2007; Zanetti et al., 1999; Martyr et al., 2014; Slachevsky et al., 2013) , although, possibly owing to the small sample size, the moderate correlation we found between informantrated functioning and carer burden was not statistically significant after correcting for multiple comparisons. However, we did find that the association between burden and objectively assessed functioning was smaller than the association between burden and informant ratings of functional ability (Razani et al., 2007) , suggesting that informant ratings are likely to be influenced by feelings of burden. An alternative explanation for the underestimation of informant-rated functional ability may be that informants base their judgements of functional ability on the cognitive status of the PwD (Martyr and Clare, 2012; Loewenstein et al., 2001) , explaining the large correlation between the Addenbrooke's Cognitive Examination-Revised score and informantrated function. This suggests that while carer burden may be exerting some influence on informant ratings of functional ability, it is likely that the cognitive status of the person with dementia is contributing to inaccuracy of informant-rated functional ability.
In the present study, items were worded to match specific functional abilities that participants were asked to demonstrate, and this wording may have increased the accuracy of self-rated functioning (Mitchell et al., 2011) . Therefore, standard questionnaires assessing functional ability may be worded too vaguely to provide an accurate rating (Martyr et al., 2014) . This may partially explain the often-reported discrepancy between self-rated and informant-rated functional ability (Martyr and Clare, 2012; Kiyak et al., 1994; DeBettignies et al., 1990; Ott et al., 1996) , as the broad descriptions of individual daily functions in commonly employed questionnaires may mean that self-ratings and informant ratings are based on different aspects of the same tasks (Martyr et al., 2014; Loewenstein et al., 2001) , for example, a carer may associate forgetting to convey a message received over the telephone with telephone use rather than memory ability. Questionnaires assessing functional ability should consist of specific items or functions that clearly represent individual skills and abilities, as these are likely to increase accuracy in perceived functional ratings. Questions concerning shopping, telephone use and posting letters should be worded more carefully in questionnaires because we found that these items showed the most variability. Recent work has begun to rectify this by including more specific questions (Sikkes et al., 2012) , although further work is needed to produce more reliable and brief questionnaires. The performance-monitoring metacognitive approach has been used previously in PwD with regard to memory ability (Clare et al., 2013; Clare et al., 2002; Clare et al., 2010) , and consistent with these studies, we found that functional abilities reliant on memory displayed the most discrepancy. This study suggests that extending the use of the performance-monitoring metacognitive approach to functional ability may be a useful method of investigating awareness in PwD.
This study has some limitations that should be considered when interpreting the results. Including the self-rated prediction questionnaire as part of the standardised instructions for the objective functional assessment may have encouraged participants in the study to monitor their performance more closely and adjust their post-diction ratings accordingly. It is possible that if the prediction questions had been given as a separate questionnaire, this may have affected the associations between self-rated predictions and the objective assessment of functional ability. However, the DAFS contains a number of relatively distinct functional tasks, suggesting that this methodological concern may not have unduly influenced the accuracy of the self-rated prediction questionnaire. The DAFS measures global performance and was not designed to record subtle errors that others have reported PwD commit during everyday functional tasks (Bettcher et al., 2011; Giovannetti et al., 2008) ; indeed, the DAFS only records whether PwD finished the task successfully and not how quickly or efficiently the task was completed. This may account for some of the discrepancy between PwD and informant ratings because informants may rate how difficult a person with dementia finds a task to complete rather than whether the task was completed successfully. A further limitation may have been the use of a standardised assessment to measure functional ability; the DAFS involved presenting participants with tasks that assess what they can do under optimal conditions rather than what they actually do in their everyday lives (Glass, 1998) ; consequently, the DAFS may not reflect how PwD perform activities in real-world situations, and this may have led to the observed discrepancy between the DAFS and informant ratings. However, as dementia progresses, PwD tend to remain closer to home (Duggan et al., 2008) and tasks are performed with more supervision from carers, suggesting that assessing PwD in a standardised setting with prompts and structured tasks may provide a more typical appraisal of how PwD conduct everyday functional tasks. Therefore, for PwD, a structured, standardised assessment may be a reliable method of assessing current functioning.
Conclusions
This is the first study to employ the performancemonitoring metacognitive approach (Clare et al., 2011) to the assessment of self-rated functional ability. When using this approach, self-ratings of functioning made by PwD show considerable accuracy when compared with objectively assessed functioning, whereas informant ratings significantly underestimate functional ability. This finding calls into question the value of using informant ratings alone to assess the everyday functioning of PwD and suggests the need for more research to establish the reliability of informant-rated and self-rated functional ability. Longitudinal studies are required to establish whether self-ratings of everyday functional ability made by PwD remain accurate as dementia severity increases, and what implications this might have for their quality of life. A large longitudinal study of dementia is currently underway that will investigate perceived ratings of functional ability and how these relate to changes in quality of life in dementia . Further studies are needed with larger samples to corroborate the reliability of our findings; it would be important to delineate the variables that influence either accuracy or inaccuracy, as this could improve clinical outcomes for PwD.
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Key points
• People with dementia are able to rate their everyday functioning with reasonable accuracy.
• Carers underestimate the functional ability of people with dementia, suggesting that the over-reliance of informant-rated perceived functional judgements in clinical and research settings may be problematic.
• Self-ratings may offer a more accurate estimate of functional ability in people with dementia.
